One of the first questions which arise in the study of the physiology of the diseased kidney concerns the capacity of its vessels to permit a normal blood flow. If this capacity is normal, alterations in renal function must be attributed either to extrarenal factors, to functional rather than structural changes in renal vessels, or to changes in the renal parenchyma. If conditions in the kidney preclude a normal blood flow, completely normal function is impossible and the basis for interpreting certain types of urinary abnormality has been disclosed.
The experiments described here were undertaken in the hope of distinguishing those types of kidney disease in which a mechanical, anatomic obstruction to blood flow exists from those in which the structural condition of the vessels may be believed to permit a normal blood flow.
Study of changes in the renal vessels in disease by other than histological methods is by no means new. Evidence of the capacity of the diseased kidney to transmit blood has been sought in measurements of blood flow after experimental renal injury, in roentgenograms of injected kidneys, and in perfusion of isolated organs. The design of the present experiments involved a combination of the last two methods, namely, measurement of the outflow from the renal vein during perfusion under constant conditions, and correlation of this flow with roentgenograms of the vessels after injection, and with histological sections.
Direct measurements of renal blood flow in experimental disease have been confined to acute injury. Tribe, Hopkins and Barcroft (1) found the renal blood flow, measured by Barcroft and Brodie's method, at least as great in a rabbit acutely poisoned by uranium acetate as in a normal animal. In one poisoned by diphtheria toxin, Tribe, Harvey and Barcroft (2) found a decrease in flow, but believed it completely accounted for by the fall in blood pressure. Dunn, Dible, Jones and McSwiney (3) detected little change in renal blood flow in acute oxalate nephrosis. Schlayer (4) and his pupils showed that the renal vessels of the rabbit gave normal responses to vasoconstrictor and vasodilator substances after injection of chromium salts or corrosive sublimate, while after arsenic or cantharidin the vascular responses were minimal. Pearce Roentgenograms of injected kidneys have been used almost as long as the roentgen ray itself. Hauch (6) and Gross (7) showed differences in the vascular architecture* of normal and arteriosclerotic kidneys by radiopaque injections which went as far as the interlobular arteries. Graham (8) , using a suspension of bismuth, succeeded in making complete injections as far as the glomeruli, clusters of which gave an appearance stereoscopically of cone shaped columns around an interlobular artery. Acute nephritis, nephrosis, and passive congestion did not produce any detectable alteration from the normal picture. Severe arteriosclerosis yielded pictures showing uneven calibre of vessels, wide, club-like interlobar branches, and interlobular arteries which were fewer, shorter and more tortuous. The cortex was distinctly narrowed. In milder degrees of nephrosclerosis the first changes detectable in the roentgenograms were in the interlobular arteries, which appeared coarser and more tortuous. Graham believed he could detect differences in the arterial tree of nephrosclerosis and chronic glomerulonephritis. In the latter the cortex was wider, the sclerotic changes milder, the glomeruli few and greatly enlarged.
Baehr and Ritter (9) Rigo (13) and Doenecke and Rothschild (14) have recently performed similar experiments on human kidneys perfused at very low pressures.
All of these investigations have been concerned with the total volume of fluid flowing through the kidney in unit time, and its decrease in the contracted kidney. In none have variations in kidney weights been considered, nor comparisons made of the volume of perfusate per unit mass in normal and pathological kidneys, nor of the effects of increase of perfusion pressure on the volume of perfusate. Comparisons of the perfusability of a kidney and the appearance of its vessels after injection have not been made.
METHODS
Kidneys were removed at the autopsy table and perfused as soon as possible; a few two hours after death, the majority between five and fifteen hours, and a few successfully as late as twenty to twentyfour hours. Little difference was detected in the perfusability of kidneys between two and eighteen hours postmortem. After twentyfour hours perfusions were usually unsatisfactory; the kidneys were not uniformly blanched and became markedly edematous.
In removing the kidneys, renal artery and vein were left as long as possible and care taken not to rupture small vessels around the hilus. Kidney and adherent fat were then weighed to the nearest gram. At the end of the perfusion the fat was removed and kidney and fat weighed separately. There was an error in obtaining the true kidney weight, due to edema developing during perfusion. This varied considerably in different kidneys; it was always less, as expected, with acacia than with Ringer's solution. When the amount of adherent fat was small, and did not obviously become edematous, its weight was subtracted from the original weight. When the amount of adherent fat was larger, covering an appreciable part of the kidney, it also became edematous, due to perfusate leaving the kidney by way of capsular vessels. In such cases, after blotting the fat with a towel, fat and kidney were weighed, the assumption made that the degree of edema was the same in both, and the assumed kidney weight was calculated by proportion. After weighing, the kidney was put in a dish of water or Ringer's solution at 37°C. and cannulae tied in artery and vein.
The perfusion fluid, either aerated Ringer's solution or 6 per cent gum acacia in 0.9 per cent saline, was contained in a 4 liter bottle placed in a water bath at 37°C. The outflow tube connected with the arterial cannula was provided with T-tubes for thermometer and manometer and passed under an electromagnet key by which the flow could be automatically interrupted once a second. Pressure in the perfusion bottle was maintained by compressed air, and kept constant by a mercury valve which permitted rapid adjustment to the desired pressure. The volume of fluid flowing through the kidney was estimated by the outflow from the renal vein. The kidney was supported were discarded in which the cortex was not uniformly and completely washed out. The pyramids were the last part of the kidney to be completely perfused. In most instances they retained a faint pink color. Only in the fresher kidneys did they become completely bloodless. The same is true of dog and rabbit kidneys perfused at similar intervals after death. Perfusion with 6 per cent acacia after saline frequently resulted in washing out additional blood. Kidneys were usually perfused at 100, 150 and 200 mm. Hg pressure. The flow from the venous cannula was collected for minute, or, when volume was large, one-half or one-quarter minute periods, timed with a stop watch. After the blood was washed out the venous outflow at a given pressure was reasonably constant (table 1). Injection of adrenalin, nitroglycerin, or barium chloride did not change the volume of perfusate.
Perfusion with a pulsating stream gave consistently lower values, but did not prevent the development of edema. This is in agreement with Ghoreyeb's experience, but contrary to Sollmann's (15) . Interruption of the flow was therefore abandoned; all data discussed are based on perfusion at constant pressure.
After perfusion many, but not all, kidneys were injected with 25 per cent bismuth oxychloride in 12 per cent acacia, according to Graham (20) and Sollmann (15) showed a very granular surface, marked narrowing of the cortex and advanced arteriolarsclerosis histologically. One was from a diabetic, who had had a blood urea nitrogen of 36 mgm. per 100 cc.; no blood pressure estimation was recorded; one from a person dying from cerebral hemorrhage who had a blood urea nitrogen of 50 mgm. per 100 cc.; blood pressure 180/130; and one from a senile dement who had 10 mgm. blood urea nitrogen per 100 cc., and blood pressure 1605/100.
All showed a marked reduction in volume of perfusate per gram of kidney at all pressures. Roentgenograms showed the changes described by Hauch, Gross, and Graham. The cortex was narrow, the lumina of the larger vessels uneven in calibre. The interlobular arteries were fewer, branched at less acute angles, and ended abruptly (9) , or whether there are subtle differences, these data do not indicate. There was no significant difference in kidney weights in the two groups. The patients in the sclerotic group had shown only moderate evidence of renal insufficiency and did not die in uremia, while the patients in the nephritic group had all shown severe renal insufficiency and had died in uremia. The roentgenograms of the nephritic kidneys resembled the arteriolarsclerotic in general appearance, but showed some points of difference. The irregularity and tortuosity of the arteries was less marked; the cortex was not narrowed to the same degree, but the cortical injection was even more scanty than in the arteriolarsclerotic group ( fig. 5) .
If the actual number of patent glomeruli were known, the analysis might be carried further.
Hypertrophy of remaining glomeruli is more evident in nephritic than in arteriolarsclerotic kidneys. A given volume of fluid may, in the nephritic kidney, traverse a greatly reduced number of glomeruli, many of which are enlarged, while in the arteriolarsclerotic kidney the same volume passes through a greater number of glomeruli of more nearly normal size. The filtering surface in the latter would be greater, and the volume of filtrate per unit volume of blood greater at the same pressure. Kidneys from patients dying in uremia and showing purely arteriolarsclerotic changes have not been obtained. 
